An implementation plan of total maximum daily load (TMDL) and water quality modelling approach at the Melaka River, Malaysia by Siti 'Ai'syah, Che Osmi
 
 
 
AN IMPLEMENTATION PLAN OF TOTAL 
MAXIMUM DAILY LOAD (TMDL) AND 
WATER QUALITY MODELLING APPROACH 
AT THE MELAKA RIVER, MALAYSIA 
 
 
 
 
 
SITI ‘AI’SYAH BINTI CHE OSMI 
 
 
 
 
 
 
DOCTOR OF PHILOSOPHY 
 
UNIVERSITI MALAYSIA PAHANG 
 
 
SUPERVISOR’S DECLARATION 
We hereby declare that we have checked this thesis and in our opinion, this thesis is 
adequate in terms of scope and quality for the award of the degree of Doctor of 
Philosophy. 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : DR. NURLIN BINTI ABU SAMAH 
Position  : SENIOR LECTURER 
Date   :  
 
 
 
_______________________________ 
 (Co-supervisor’s Signature) 
Full Name  : ASSOC. PROF CHE KU MOHAMMAD FAIZAL CHE KU YAHYA 
Position  : ASSOCIATE PROFESSOR 
Date   :  
 
 
STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti Malaysia 
Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : SITI ‘AI’SYAH BINTI CHE OSMI 
ID Number : PSK 13004 
Date  :  
 
 
 
 
AN IMPLEMENTATION PLAN OF TOTAL MAXIMUM DAILY LOAD (TMDL) 
AND WATER QUALITY MODELLING APPROACH AT THE MELAKA RIVER, 
MALAYSIA 
 
 
 
 
SITI ‘AI’SYAH BINTI CHE OSMI 
 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Doctor of Philosophy 
 
 
 
Faculty of Industrial Sciences & Technology 
UNIVERSITI MALAYSIA PAHANG 
 
 
AUGUST 2019 
 
 
ii 
ACKNOWLEDGEMENTS 
Assalamualaikum w.b.t. Subhanallah, Alhamdulillah, Allahuakbar. All praises be for you 
Allah, the Lord of whole universe. Thank you, Allah, for the in blessing my PhD journey. 
First and foremost, I would like to express my sincere gratitude to my supervisor, Dr 
Nurlin Abu Samah for the continuous support during my writing process, for her 
willingness to accept me as her student, patience, motivation, and immense knowledge. 
Her guidance helped me all the time in writing and improving my thesis. I could not have 
imagined having a better advisor and mentor for my PhD study. 
I thank my fellow teammates, Mohammad Adam Azman, Muhammad Aliff Ramli, 
Abdullah Siddiqi Ismail, Muhammad Ikhwan Suhaimi, Nurussalam Hadi Munir and 
Amirul Faiz for their help during the sampling, lab works, and continuous motivation and 
moral support.  I am very lucky to have such wonderful teammates. 
Last but not least, I would like to thank my father, Che Osmi Ahmad, my mother, 
Maisarah Mohammad my husband, Mohamad Hafiz Ismail, my mother in law, Sarengah 
Mohamad Sam, and my father in law, Ismail Musbah, for their blessing, never-ending 
support, and understanding. I could not achieve this, without them. For my son, 
Muhammad Luthfi Hakim, thank you for being my biggest motivation to finish my study, 
my family in law, and my family thank you for supporting me spiritually throughout this 
process and my life in general. Thank you very much. I really appreciate it. May Allah 
bless all of you. 
 
 
 
iii 
ABSTRAK 
Sungai Melaka merupakan salah satu tempat menarik bagi tarikan pelancongan dan telah 
disenaraikan sebagai sejarah dan warisan UNESCO pada Julai 2008. Walau 
bagaimanapun, perkembangan pesat, aktiviti urbanisasi dan pelancongan telah memberi 
impak negatif kepada Sungai Melaka, seperti beberapa kes ikan mati, air sungai berwarna 
hitam dan berbau busuk telah dilaporkan. Oleh itu, strategi yang berkesan perlu 
dibangunkan untuk memastikan pencemaran yang masuk ke sungai dapat diukur dan 
boleh diurus. Penyelidikan ini bertujuan untuk mengkaji jumlah maksimum beban 
pencemar yang dibenarkan masuk ke dalam sungai, berdasarkan piawaian kualiti air 
dengan melaksanakan jumlah beban harian maksimum (TMDL) di Sungai Melaka, 
Malaysia. Pendekatan TMDL di Sungai Melaka, telah dijalankan dengan penilaian kualiti 
air dan pemodelan kualiti air sebagai alat perancangan. Kerja ini telah dilakukan dengan 
mengumpul data kualiti air dan data hidraulik dari empat kali persampelan air dan kutipan 
data dari agensi kerajaan. Data fizikokimia dikumpulkan dan dianalisis. Parameter fizikal 
iaitu konduktiviti, saliniti, suhu, dan jumlah pepejal terampai (TSS) dikumpulkan dalam 
kajian ini. Selain itu, parameter kimia seperti permintaan oksigen biokimia (BOD), 
permintaan oksigen kimia (COD), oksigen terlarut (DO), jumlah fosforus (TP), fosfat 
(PO4
3-), jumlah nitrogen (TN), dan ammonikal nitrogen (NH3-N) juga dikaji. Kepekatan 
COD (365.54 mg / L). telah dijumpai sebagai parameter tertinggi yang menyumbang ke 
dalam sungai terutama di kawasan hiliran. Analisis indeks kualiti air (WQI) telah 
mengklasifikasikan Sungai Melaka di bawah sungai Kelas III. Oleh itu, TMDL bagi 
Sungai Melaka ditetapkan untuk mencapai Kelas IIB, yang sesuai untuk aktiviti rekreasi 
dengan sentuhan badan. Analisis korelasi Pearson menunjukkan korelasi positif yang 
signifikan berlaku antara COD dan DO (nilai r 0.520, 0.669), COD dan TP (nilai r 0.606), 
dan COD dan TSS (nilai r 0.740, 0.975, 0.608), dan korelasi negatif yang signifikan antara 
COD dan BOD (nilai r -0.545). Hal ini menunjukkan penurunan COD semasa pendekatan 
TMDL, dapat menurunkan kepekan parameter lain, serta memperbaiki kualiti air Sungai 
Melaka. Terdapat 10 senario yang dicipta untuk analisis pengurangan beban COD dengan 
menggunakan Simulasi Sungai InfoWorks (RS) sebagai alat perancangan untuk TMDL, 
dan Senario 9 dipilih sebagai syarat optimum untuk mencapai Kelas IIB di Sungai 
Melaka, dengan TMDL adalah 21387.30 kg/hari, WLA adalah 8131.99 kg/hari dan MOS 
adalah 2138.73 kg/hari. Strategi kawalan di sumber tetap berpunca dan sumber tidak tetap 
berpunca telah dicadangkan. Strategi kawalan sumber tetap berpunca dicadangkan untuk 
melaksanakan loji rawatan dengan kombinasi system A2O (Anaerobik/Anoksik/Oksik) 
dan SBR (penjujukan sistem reaktor), manakala kawalan sumber tidak tetap berpunca 
dicadangkan untuk menggunakan sistem Pengurusan Amalan Terbaik (BMPs). Program 
pemantauan yang efekti dan kerangka waktu dicadangkan untuk menilai keberkesanan 
dan keberhasilan bagi program TMDL. Di samping itu, dari analisis kaji selidik, 
menunjukkan bahawa walaupun 69% dari pihak yang berkepentingan mempunyai 
pengetahuan tentang TMDL, namun hanya 2% yang mempunyai pemahaman yang lebih 
mendalam mengenai proses TMDL. Sedangkan 59% dari pihak yang berkepentingan 
percaya bahawa pelaksanaan TMDL akan memberi kesan yang signifikan terhadap pihak 
pentadbir dan ekonomi. Cabaran-cabaran pada masa depan yang perlu dihadapi dari segi 
cabaran asas dan penglibatan pihak berkepentingan turut dibincangkan dalam kajian ini. 
Kesimpulannya, hasil yang dibentangkan dalam kajian ini dapat membantu meningkatkan 
kualiti air di Sungai Melaka, serta memulakan pendekatan pelan pelaksanaan TMDL di 
Malaysia. 
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ABSTRACT 
Melaka River has become one of the most popular places for tourism attraction and has 
been listed as historical and heritage of UNESCO in July 2008. However, the rapid 
development, urbanisation and tourism activities gave negative impact to the Melaka 
River, such as several cases of fish kills incident, smelly and black color of river has been 
reported. Thus, an effective strategy needs to be developed to ensure the pollution enters 
the river is accountable and manageable. The research aims to study maximum amount 
of pollutant allowed to enter the river, within the water quality standard by implementing 
the total maximum daily loads (TMDL) approach at Melaka River, Malaysia. The TMDL 
approach at Melaka River, has been carried out with the water quality assessment and 
water quality modelling as the planning tools. This work has been done by collecting the 
water quality data and hydraulic data from the four times water quality sampling and data 
from the government agency. The physicochemical data were collected and analyses. The 
physical parameter which is conductivity, salinity, temperature, and total suspended 
solids (TSS) were collected in this study. Besides, the chemical parameter such as 
biochemical oxygen demand (BOD), chemical oxygen demand (COD), dissolved oxygen 
(DO), total phosphorus (TP), phosphate (PO4
3-), total nitrogen (TN), and ammoniacal 
nitrogen (NH3-N) were also studied. The COD concentration (365.54 mg/L). was found 
out as the highest parameter contributed into the river especially at the downstream. From 
the Water quality index (WQI) analysis have classified the Melaka River under Class III 
river. Therefore, TMDL for the Melaka River was assigned to achieved Class IIB, which 
suitable for recreational activities with body contact. The Pearson correlation analysis 
shows strong significant positive correlation occurs between COD and DO (r-value 0.520, 
0.669), COD and TP (r-value 0.606), and COD and TSS (r-value 0.740, 0.975, 0.608), 
and strong significant negative correlation between COD and BOD (r-value -0.545). This 
shows that the improvement of COD during the TMDL approach, can significantly 
improve the other parameters, as well as the water quality of Melaka River. There were 
10 scenarios created for COD loads reduction analysis by using InfoWorks River 
Simulation (RS) as the planning tools for TMDL approach, and Scenario 9 was selected 
as the optimum condition to achieved Class IIB at Melaka River, with the TMDL is 
21387.30 kg/day, WLA is 8131.99 kg/day and MOS is 2138.73 kg/day. The control 
strategies at point sources and nonpoint sources were suggested. The point sources control 
strategies were suggested to implement the treatment plant with a combination of A2O 
(Anaerobic/Anoxic/Oxic) and SBR (sequencing batch reactor) system, while the nonpoint 
sources control was proposed to apply the Best Management Practices (BMPs) systems. 
The effective monitoring program, and time frame were proposed to evaluate the 
effectiveness and successfulness of TMDL approach. Besides, from the survey analysis, 
shows that even though 69% of stakeholders have knowledge on TMDL, however, only 
2 % has deeper understanding on the TMDL process. Whereas 59% of stakeholders 
believes that the implementation of TMDL approach will significantly impact the 
governing body and economy. The future challenges need to face in terms of fundamental 
and involvement of stakeholders was discussed in this study. In conclusion, the result 
presented in these studies may facilitate to improve the water quality of the Melaka River, 
as well as initiated the TMDL implementation plan approach in Malaysia 
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